The objective of this article is to assess a potential dual role of public expenditures in R&D upon economic growth and employment, using these dimensions as partial representations of the socioeconomic state of affairs in European Union's Member States. First, we look into direct, short-term impacts arising from R&D expenditures, much in the sense of a multiplier effect. Second, we analyse impacts from the stage of development of National Innovation Systems (NIS) upon the macroeconomic conditions of interest, assuming that current stages of development are products of previous commitment to innovation, that is, a structural, long-term outcome of innovation-oriented investments. In order to empirically test our propositions, we have analysed 28 EU Member States (1990-2013) through three sets of econometric (static and dynamic panel data) models. Results highlight that EU countries' governmental commitment to their respective innovation systems catalyses current and prospective economic growth and employment levels, suggesting a complementarity between Neo-Schumpeterian and Neo-Keynesian perceptions over governmental R&D involvement. This can bring innovation efforts closer to the macroeconomic debate on monetary and fiscal policies and function as a criticism to austerity measures, as this may not only affect the present socioeconomic situation, but also generate the cornerstone for a perennial state of divergence among EU Member States.
Introduction
The 2008 financial turmoil had important effects in the socioeconomic structure of many developed and developing countries. In the European Union, its impacts were pervasive and affected levels of income, employment and economic growth (Fagerberg and Srholec 2016) . Correspondingly, these events caused the marginalisation of disadvantaged groups and consequent social distress (Heidenreich 2015) . Also, youth employment was particularly affected, compromising future prospects of social well-being (Aceleanu, Serban, and Burghelea 2015) . This situation has driven down aggregate demand, causing a lasting recession within the bloc and a slowdown in convergence trends in the EU. Macro-stabilisation policies, in this context of economic crisis, seemed to be largely ineffective for recovery, having minor impacts on the reestablishment of sustainable growth patterns (Tassey 2012) .
This debate has been dominated by a clash of approaches claiming for, on the one hand, austerity measures and, on the other, economic stimuli for countries. What we notice is that, although innovation theory and policy have evolved significantly in previous decades, there is a persistent gap concerning the need for stronger insertion and coordination with other related policy (and political) frameworks (Mytelka and Smith 2001; Von Tunzelmann 2004) . We depart from the perspective that the inclusion of a Science, Technology and Innovation-driven point of view -as a form of confronting such period of recession/depression -could provide a framework of reference of great utility for public policy (Audretsch and Link 2012) . Also, we understand that it can be adequately articulated with the economic stimuli speech and theoretical background.
Unfortunately, such periods of crisis shift the emphasis towards short-term impacts, while leaving aside initiatives related to long-term outcomes (Veugelers 2014) . Our uneasiness resides in that macroeconomic policy has been largely determined by interests from bond markets (mainly represented by austerity policies and structural reforms), not allowing for necessary investments in skills, science, technology and innovation that can enhance long-term structural capabilities in European countries (Mazzucato 2013b; Mazzucato and Shipman. 2014) , as well as generate high levels of social returns (Veugelers 2014) . Tassey (2012, 2) has raised analogous propositions, stating that "in contrast to stabilisation policies, the emphasis must be on investment in a range of productivityenhancing technologies, as opposed to the traditional (and current) reliance on an investment component that focuses largely on conventional economic infrastructure such as transportation networks" (Tassey 2012, 2) . This perspective has evolved to include mission-oriented policies directed towards green technologies and sustainable innovation (|Mazzucato 2016 (|Mazzucato , 2013a , an issue of fundamental interest for current and future societies.
In this article, we argue that undervaluing the importance of innovation and technology investments in economic recovery processes can be significantly counterproductive for short-and long-term evolution and stability of socioeconomic systems. Our research inquiry is directed towards assessing a potential dual role of public expenditures in R&D upon economic growth and employment. First, we look into direct, short-term impacts arising from these investments. Second, we analyse impacts from the stage of development of National Innovation Systems (NIS) upon conditions of interest. We take this stage of development as a product of previous systemic commitment to science, technology and innovation at the aggregate level, that is, a structural, long-term outcome of fiscal commitment to these activities. Our objective is to verify a potential complementarity between these two perspectives that are intrinsically related to distinct time horizons. The main implication of this proposition concerns the capacity of providing a rationale for fiscal policy when it comes to socioeconomic adjustments to fluctuations caused by business cycles.
To test our propositions we assess information from 28 EU Member States observed throughout the 1990-2013 period. Three sets of empirical models are developed to approach variations in economic output and employment as a function of: (i) current public expenditures in R&D; (ii) structural conditions of the STI system and (iii) combined effects of these two sets of determinants. We address both economic activity and unemployment levels as partial proxies for overall socioeconomic conditions in European countries. As previous research has demonstrated, these vectors can be related to broader social issues in EU nations (Drydakis 2015; Jongen, Burazeri, and Brand 2015) .
Static and dynamic panel data methods are applied. Factor analysis is used to establish proxies of NIS' stages of development. Overall results seem to support the existence of a dual role of innovation policy in the European Union. These findings suggest that austerity policies may not only cause short-term divergence among EU nations, but also affect countries' evolutionary trajectories over the long run. This is line with the view stating that heterogeneous environments in terms of R&D efforts shall lead to persistent productivity disparities (Fagerberg and Verspagen 1996) .
The remainder of the article is structured as follows: section 2 offers a brief discussion on the effects of the 2008 crisis upon EU countries and its latent relationship with NIS. Section 3 build upon literature to develop a framework for assessing potential complementarities of short-and long-term effects of innovation policy. Section 4 presents the sample and the data used in our empirical approach. Models are depicted in Section 5 and results can be found in Section 6. Section 7 concludes with final remarks and implications for policy and research.
The European Union and the innovation effects of the crisis
The financial crisis that took place in 2008 had significant structural effects in economies throughout the world. In Europe, stagnation and recession led to fiscal pressures and the application of austerity measures in some of its Member States. One of the key areas for governmental intervention concerning the recovery from this situation is related to initiatives in the realm of science, technology and innovation (STI). 1 The recognition of socioeconomic relevance of technological change contributed to the inclusion of STI aspects within industrial policy frameworks. In the European Union, competitiveness and cohesion are among the strategic pillars of development. STI-oriented investments, such as governmental R&D expenditures, can tackle both of these issues by increasing productive capabilities and generating the foundations for catch-up in laggard countries (Sharp 1998) . In this regard, the release of the Lisbon Strategy in 2000 represented an institutional landmark in the agenda towards becoming a global leader in the knowledge economy, although concerted efforts related to evolutionary dynamics and innovation systems' perspective of economic development in the bloc have been taking place since the 1980s. Since then, the EU's commitment to R&D is fundamentally related to the Structural Funds and the Framework Programme 2 (Veugelers 2014) . In terms of STI activity, while the former is oriented towards fomenting fundamental research infrastructure, the latter provides the settings for intra-bloc collaboration in key areas of interest (Sharp 1998).
It must be mentioned, however, that the bulk of STI expenditures rely on national budgets and investments. In this context, the crisis has shown the fragility of the STI agenda policies in the core of country-level macroeconomic policy. A first outcome of fiscal pressures was a major reduction in public expenditures in some European nations' R&D (European Commission 2013), contrary to propositions. This happened as a function of budgetary constraints that have put aside the role of STI policy and investments (OECD 2012) . The European Commission (2013) highlights that many EU Member States had larger relative cuts in their R&D funds in comparison to other governmental investments. This action sends a message concerning the long-term, evolutionary, character that is usually attributed to STI-related activities.
Hence, these issues are often not within governmental priorities during contraction cycles, representing the challenges associated with a neoliberal way of thinking (Stockhammer 2016) . But this is only part of the story. In the 1990s, peripheral EU Member States were showing a strong rate of convergence in terms of R&D expenditures respective to leading countries (Sharp 1998), even though in pre-crisis periods, Member States' commitment to the Lisbon Strategy was not being met (Begg and Heinemann 2006) . After the crisis, budgetary tensions compromised innovation-oriented investments in the EU (Kaiser and Prange-Gstöhl. 2010) . Although the overall EU commitment to R&D increased as a result of stimulus packages, this hides an increasing internal divergence with leading countries forging ahead and laggard nations resorting to deep cuts in R&D expenditures (Veugelers 2014) . This situation underscores the fact that countrylevel policy rationales are often in conflict with European views on innovation, harming coordinated efforts (Kaiser and Prange-Gstöhl 2010) . As it can be noticed, R&D behaviour has stagnated/declined in those countries that possess the lowest levels of governmental investments concerning STI activities (Laggards). This situation also holds true for those countries included in the Lower-Intermediate group, and the distance from the Leading Upper-Intermediate investors seems to be increasing since 2008.
These observations are in line with claims from other authors. Kastrinos (2013) points out that the financial crisis led to a divergence in innovation policy across EU Member States (Kastrinos 2013) . Izsak and Radošević (2017) identify that while Northwest Europe increased its levels of R&D expenditures, a sharp decline was observed in Southern and Central-Eastern -with only a marginal compensation happening via EU Structural Funds (Izsak and Radošević 2017) . 3 In its turn, this "austerity approach" in R&D expenditures compromises recovery from social and economic depression (Viesti 2015) . In a similar vein, considering that a substantial amount of R&D funds are dedicated to paying salaries, budgetary cuts can represent losses in the national stock of knowledge and capacity to perform knowledge-intensive activities over the long run (Kastrinos 2013) . Figure 1 (B) provides additional support to the hypotheses of potentially divergent STI systems in Europe (country codes can be found in Appendix 1). The inverted U-shaped trend line indicates a club of converging economies in terms of governmental engagement with R&D efforts (bottom right corner of the graph), and a group of consistently laggard countries (bottom left corner). Although it can be argued that business enterprises R&D efforts can change this picture, this is hardly the case in a current context of depressed demand (see section 3 for a discussion on this subject). More strikingly, laggard Member States have a stronger relative reliance on governmental expenditures in R&D than those advanced nations -if anything, overall divergence would be accentuated by the inclusion of firm-level R&D investments.
Hence, particularly in face of the economic turmoil started in 2008 (as well as its ongoing impacts in European countries), attention must be paid to initiatives that both (i) stimulate growth and employment; and (ii) promote economic convergence amongst nations (one of the fundamental goals of European Commission's actions). 4 This does not seem to be the predominant dynamics in an environment that is clearly generating an increasing gap in countries' capabilities of sustaining their Science, Technology and Innovation environments.
Deliberate reductions in governmental R&D expenditures can represent potentially damaging shortsightedness from policymakers, as it does not explore the full potential of such sort of intervention. For instance, Mazzucato (2012) calls for increased R&D investments in laggard European nations, arguing that only through greater systemic capacity of generating growth these nations will be able to overcome their fiscal and social difficulties in a sustainable way. Nonetheless, besides long-term structural shifts in the composition of socioeconomic systems, current public expenditures in R&D may also provide economies with positive multiplier effects upon their current growth trends, while also favouring the establishment of competitive "green industries" (Kaiser and Prange-Gstöhl 2010; Aceleanu, Serban, and Burghelea 2015) . In sum, country-level governmental R&D expenditures represents not only the means to achieve systemic structural evolution, but also a mechanism to sustain current levels of economic output and employment.
Short-and long-term perspectives of innovation policy
Heterodox economic approaches recognise science, technology and innovation as a central feature of business cycles (Witt 2002; Fagerberg 2003) . However, in order for technological change to happen, agents are bound to weigh their expectations concerning market conditions for new products and processes (Dosi 1988; OECD 2012) . In this regard, the structure of market incentives -demand contractions or expansions -is of utmost importance in defining the current microeconomic behaviour of firms (Mansfield 1983; Geroski and Walters 1995; Filippetti and Archibugi 2011) . Intuitively, the willingness to invest in innovative activities decreases in periods of economic downturn (Archibugi, Filippetti, and Frenz 2013) , as "during major recessions, the economic landscape is characterised by huge uncertainties about the direction of technological change, demand conditions, and new market opportunities" (Archibugi, Filippetti, and Frenz 2012, 19) . Hence, increases in aggregate demand seem to be important drivers of technological dynamics (Von Tunzelmann 2004; Lucchese 2011) .
These conditions set the stage for cumulative trends and feedback loops, linking longterm prospects of innovation systems to current behaviour of agents (Paunov 2012) . These conclusions are in line with theoretical formulations concerning the dynamics of aggregate demand vis-à-vis corporate investment and the role of multipliers (as in |Keynes 1934 (as in |Keynes , 1937 . Based on the idea of demand-pull as a core driver for innovative output (Schmookler 1966), Von Tunzelmann (2004) and Paunov (2012) propose that expansionary fiscal policy (stimulation of productive investment) is likely to sustain STI systems' evolutionary paths. This comes as a result of public funds acting as stabilisers of firms' innovative behaviour in the short term.
However, the relationship between demand conditions and innovative output show signs of a bidirectional nature. Kleinknecht and Verspagen (1990) and Verspagen (2002) propose the existence of a mutual dependence between these constructs. This proposition offers a hint of self-reinforcing effects, where governmental "demand management" may spur innovations, but over time innovations may also increase aggregate demand. In a similar vein, Dosi et al. (2012) found strong complementarities between STI and monetary/fiscal policies. These interdependencies are mainly related to the inclusion of R&D expenditures as a short-run instrument to deal with output and unemployment fluctuations.
This comes in addition to the usual, long-run, evolutionary orientation of STI policy. Roventini (2010, 1765) refer to this assumption as connecting "Schumpeterian theories of technology-driven economic growth with Keynesian theories of demand generation." The core argument rests in the incapacity of technological engines of growth alone to sustain economic systems in a growth path with low levels of employment. A complementary set of tools broadly represented by Keynesian "demand-generating" policies is needed.
In order to create sustainable rates of productivity growth, governments should consider developing strategies aiming at investments in science and technology (Tassey 2012 ). Tassey has exposed a similar view in earlier works (Tassey 2010 (Tassey , 1992 , where he sustains the importance of an institutional framework addressing issues related to public and private interactions concerning the provision of an adequate technological infrastructure. This comes primarily from Tassey's concern with the inefficiency of "pure market" solutions and his call for technology-based growth policies. A very similar position is contained in Mazzucato's "Entrepreneurial State" (Mazzucato 2013a ). Both arguments loosely rely on what we understand as a combination of short-term multipliers and evolutionary policies (with its goal oriented towards structural aspects of STI systems). Similar conclusions can also be found for the case of developing countries in Paunov (2012) .
We recognise that R&D expenditures are linked to a linear view of technological and innovative processes. They do not necessarily translate into effective outcomes, as there are systemic aspects involved in its dynamics Edquist and Zabala-Iturriagagoitia 2015) . Nonetheless, it functions as a key indicator for the evaluation of the overall quality of STI systems (as demonstrated in Castellacci and Natera 2013). Also, leaving systemic aspects aside, expenditures in R&D stimulate demand in the short term and supply in the long term . Unfortunately, few STI-related initiatives addressed the issue of demand uncertainty throughout the crisis (OECD 2012), thus allowing the emergence of a hostile market environment for innovationoriented projects. This is particularly worrisome in laggard STI systems. As previously shown in Figures 1(A, B) , there is a downward or stagnant trend of investments in R&D performed by some laggard economies in the EU (an aspect already pointed out in earlier research by Archibugi and Filippetti 2011; Filippetti and Archibugi 2011; Archibugi, Filippetti, and Frenz 2012) .
In this regard, it is known that consolidated institutional structures of NIS can compensate for demand variations and sustain agents' innovative investments Paunov 2012) . For instance, the intensification of public expenditures in innovative activities has been proven as a successful strategy in Nordic countries (Benner 2012) . This has set the stage for a growing divergence in economic input in EU nations. These economic shocks are likely to widen and perpetuate Member States' disparities and their respective capacities of generating socioeconomic development and a shift towards environmentally sustainable productive structures (Mazzucato 2012 (Mazzucato , 2013a ). An example of this perverse lock-in is represented by structural impacts upon the demand-side of laggard countries, considering that "rising inequalities and labor market hysteresis both within and between countries or regions […] can have deleterious effects on aggregate demand and hence on the demand-pull incentive to innovation" (Von Tunzelmann 2004, 98 ). The solution proposed by Von Tunzelmann (2004) is to create an environment that is conducive to development via a combination of: (i) short-term, demand-side policies; and (ii) long-term, supply-side initiatives.
Based on the theoretical framework designed in this section and in the current situation of sluggish growth in the EU (together with its impacts upon socioeconomic development, convergence and employment) we establish a set of hypotheses to be tested empirically in our assessment:
The stage of development in (country-level) Science, Technology and Innovation Systems influences the capacity of generating economic growth and sustaining employment levels. H 2 : Current (country-level) governmental R&D efforts function as an instrument to sustain levels of economic output and employment.
H 1 represents the long-term, supply-side perspective of our propositions, related to structural conditions of STI systems. It translates into the idea that the current stage of development of a given national system is a function of previous frameworks of institutions and policies addressing Science, Technology and Innovation. Although we recognise that quantitative indicators can represent a partial view of the systemic character of innovation, we also believe that it offers a robust proxy for the institutional commitment towards the construction of knowledge-intensive societies and its correspondent level of STI activity.
H 2 stands for our perception of the short-term, demand-side multiplier effects of expenditures in R&D, that is, benefits arising from sustaining innovation efforts throughout business cycles. This hypothesis contains our main criticism towards austerity measures (particularly during economic downturns).
Sample and data
This section contains the description of variables and the methodological procedures of the empirical assessment. The sample consists of the 28 European Union Member States (see Appendix 1 for the list of countries) observed throughout the period 1990-2013. The extension of this timeframe allows dealing with relatively robust approximations of evolutionary trends in country-level STI systems incurring in excessive missing data issues, also including information after the occurrence of the 2008 financial crisis. Table 1 describes the analytical variables used in our approach. These variables can be divided into four groups. The first one consists in variables representing the different elements of the STI system: R&D expenditures, Patent, Scientific and technical journal articles, Education, Institutions 5 and Internet users. 6 In this group, we have also separated Governmental R&D from Business Expenditures in R&D in order to capture the differential effects arising from these investments. The second group of variables is composed by the chosen vectors of socioeconomic context, that is, indicators of GDP and employment. The third group of variables comprehends Gross capital formation and Labour with the aim of developing the basic structure of the production function in statistical estimations. The fourth group includes control variables concerning the macroeconomic dynamics of EU Member States, offering extensions for the basic production function: inflation, interest rates, and inward FDI. Population is used as an intermediary variable that allows calculations of per capita levels in other variables. Table 2 presents Descriptive statistics for the sample. The identification of country/year representing minimum and maximum values for each indicator is also presented. Coefficients of variation (C.V.) allow the identification of main aspects of heterogeneity amongst EU Member States. For the purpose of our assessment, it is worth noting the strong variations in RDGDP and EDU, fundamental components of the STI system. Strong diversity is also observed for GDP growth, inflation, interest rates, capital formation and Inward Foreign Direct Investments. Hence, although we are dealing with a panel composed mostly by developed nations, economic heterogeneity can be underscored as a strong trait of the European bloc. Consequently, this demonstrates that discussions dealing with the "European Union reality" are likely to ignore an important level of existing divergences among Member States.
Taking a closer look at some of the main variables of interest, relevant relationships can be drawn. In Figure 2 we offer a perspective of the relationship between average growth rates in Total R&D Expenditure as a percentage of GDP and average GDP growth in the period 1999-2012 (country codes can be found in Appendix 1). Although it can be noticed that this relationship is not very strong, it is also true that there are hints suggesting that countries with steeper growth trends in R&D investments (% of GDP) are associated with higher levels of overall economic growth. This is not, however, the case of Portugal, a country that has increased its levels of R&D expenditures, but that has faced sluggish growth throughout the period. On the other hand, Latvia has achieved a proportional growth in both GDP and in R&D investments.
A similar picture is verified in Figure 3 , where we address the relationship between average growth rates in Total R&D Expenditure as a percentage of GDP and average growth rates in unemployment in the period 1999-2012. The trend follows the expected pattern with significant noise in the association between variables (relatively weak correlation). The situation is particularly unsatisfactory for the case of Hungary, a country that has increased somewhat substantially its R&D efforts, but with significant growth in its levels of unemployment. The UK is the only country that has performed negative growth patterns in both dimensions. As in the evaluation between Total R&D Expenditure as a percentage of GDP and economic growth, Estonia also presents an extremely positive behaviour, with a substantial average rate of decreasing unemployment. It is important to remind the reader that these associations are based on average values for the 1999. The next step in our assessment is to formalise these propositions and the content of our research hypotheses into a set of econometric models that allows achieving a deeper comprehension of the phenomena under investigation.
Empirical approach
The first step in the empirical approach deals with the construction of STI systems' dimensions through factorial analysis. This procedure allows to combine a set of different elements present in STI systems into synthetic indicators. 7 The factorial analysis in our sample includes the following indicators: Patents, Publications in Scientific Journals, Education, Institutions, R&D Expenditures and Internet users. Results have grouped the variables into two factors (Table 3 ): (i) Technological factor (TECH), composed by R&D expenditures, Patents and Scientific and technical journal articles, representing a basic input/output structure of STI systems; and (ii) Institutional and Infrastructure factor (IINS), comprehending education, institutions and internet users. The combination of these two factors offers a multidimensional perception on the dynamics involved in the functioning of economic and productive systems concerning scientific and technological activities. (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) and growth rates in unemployment (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) The next step consists in the construction of regressive models per se. Three groups of models are developed according to their function concerning our evaluation of governmental R&D expenditures' effects on output and employment.
5.1. Model 1 -science, technology and innovation systems' stage of development effects on economic growth and employment (long-term effects) In order to test our first hypothesis, Model 1 addresses the effects of STI systems' stage of development upon economic growth. The goal is to verify current impacts of variables that represent outcomes associated to long-term evolutions of STI activities. This model consists in an extended production function based on the impacts of dependent indicators upon the panel dynamics of GDP variations over time.
M1.1. log
where Y is GDP, Tech and IINS are the Technological and Institutional and Infrastructure factors obtained in the factor analysis. The subscript "i" identifies each country in the sample, while "t" represents each time period. These variables are used as representations of the current conditions of STI systems' stage of evolution. Additionally, L is labour and K is capital. Finally, V is a vector that includes the following controls: Inflation (Inf), Inward foreign direct investment (IFDI) and Interest rates (Ir). Inflation and interest rates allow controlling for monetary conditions of economies, while IFDI contains important information on the level of trust of international markets concerning the host market, as well as it offers a complement for the evaluation of capital input. These comments on the extensions of production functions also apply to the remaining regression models in our analysis. u is the error term.
We have also checked the structural effects taking unemployment as the dependent variable. The structure of this model follows the same pattern as M1.1. We have excluded L because of its direct connection with the employment conditions in countries. K was also excluded because of latent collinearity with the STI factors. This complementary view of the structural effects of governmental R&D expenditures is depicted in the following equations:
where, Y is unemployment, TECH and IINS are the technological and institutional and infrastructure factors obtained in the factor analysis. V is a vector that includes Inflation (Inf), IFDI and Interest rates (Ir). The subscript "i" identifies each country in the sample, while "t" represents each time period. u it is the error term.
Model 2 -short-term effects of R&D efforts on economic growth and employment
The second model of our assessment aims at testing our second research hypothesis. This approach seeks to verify short-term socioeconomic impacts of current public expenditures in STI activities upon growth and employment. We have also addressed the potential contributions of business expenditures in R&D in order to capture the differential contributions between public and private investments in innovation. This procedure aims at distinguishing the marginal contribution of these sources of investment. Hence, the proposed structure of this model is oriented to identifying potential influences that unravel as a function of multipliers introduced by R&D investments.
M2.1. logY it
where, Y stands for GDP (2.1) and Unemployment (2.2) . RDGOV represents governmental expenditures in R&D and RDBUS is the expenditure of business in R&D. V is comprehends a set of control variables that includes Inflation (Inf), IFDI and Interest rates (Ir). The subscript "i" identifies each country in the sample, while "t" represents each time period. u is the error term.
Model 3 -short-and long-term effects of STI efforts on economic growth and employment
In this equation we develop an assessment that incorporates simultaneously the short-(governmental R&D expenditures) and long-(STI systems' stages of development) term effects of public commitment to STI activities on economic growth and employment. This proposition unites both justifications for current governmental involvement with STI systems and the importance of its continuation over time (in order to create an environment conducive to a knowledge-based society). This model allows a closer scrutiny of partial results identified in previous sets of models.
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where, Y is estimated as GDP and Unemployment. TECH and IINS are the technological, institutional and infrastructure factors obtained in the factorial analysis. In this case, STI systems' factors are lagged in order to explore "non-immediate" effects. RDGOV is the governmental expenditure in R&D. V is a vector of control variables that includes Inflation (Inf), IFDI and Interest rates (Ir). υ dt, ε it are decompositions of the error term related to dynamic effects.
We have applied Panel approaches in each static version for our first and second sets of models (fixed or random effects were assigned according to Hausman test results). The third model is addressed via a Dynamic Panel Model, allowing to correct the inherent endogeneity of the model due to the path dependence and cumulative processes that characterise STI activity and its evolution (Dosi 1988; Castellacci 2008) . This method has two key advantages to test our hypothesis: the inclusion of time-series effects and the consideration of variables' individual effects. (Arellano and Bond 1991; Arellano and Bover 1995; |Roodman 2006 |Roodman , 2009 |Roodman , 2012 . Estimations' results of the empirical assessment are presented in the next section.
Results
Results from econometric estimations are presented in Tables 4-6. A first assessment (Table 4 , M1.1) concerns H 1 , that is, our approach on structural effects of STI systems upon current conditions of economic growth and employment. In both model 1.1 we notice that both factors (Technological Factor or TECH, and the Institutional Factor or IINS) affect GDP growth positively. Moreover, IINS has a stronger impact than TECH, suggesting that STI systems' impacts upon economic growth are more intensely related to knowledge and institutional conditions of European Member States than they are to technological conditions -even though both relationships are statistically significant.
Additionally, Labour is not significant and Capital formation (K), surprisingly, is significant and negative. We understand this as a sign that once we control for a broad set of macroeconomic vectors and for STI systems' conditions, traditional determinants of output (L and K) present a less relevant contribution (or even decreasing returns in the case of K) than it is expected in the traditional formulation of production functions. This result provides hints on the inadequacy of austerity measures that influence governmental behaviour of reducing current efforts regarding public R&D expenditures. The remaining models offer additional insights into these matters, highlighting problems related to this sort of practice in terms of European Member States' fiscal policies towards STI activities. Control variables perform the expected roles. Inflation and interest rates are both negatively related to economic growth in constant units. IFDI is positively associated with Once we look into the structural effects of innovation policy upon unemployment (Table 4 , Model 1.2), both indicators of STI systems' conditions turn out to be non-significant and the model loses a relevant amount of predictive power. This outcome suggests that current stages of development in STI systems per se do not seem to interfere much with short-term macroeconomic shocks that affect employment levels. Although this is a somewhat unexpected result, it may be related to the strong influence of short-term financial fluctuations upon national productive structures. In other words, it is not enough for a country "to be prepared" for unemployment pressures, it has to tackle these issues when they take place.
As per control variables, Inflation is significant and negative, suggesting that it can play a role in reducing unemployment. 9 IFDI is not significant in this assessment. Interest rate (Ir) is positive and significant. As we will address in the upcoming estimations, this is a hint that short-term multiplier effects related to governmental R&D expenditures are likely to have a strategic role to play (even though STI investment frameworks are often understood as long-term tools only). Hence, empirical evidence for GDP dynamics and unemployment suggest a partial acceptance of H 1 .
The next step of the empirical analysis dedicates attention to our second research hypothesis (models 2.1 and 2.2, Table 5 ), that is, effects associated to current governmental R&D expenditures. As it can be gathered from model 2.1, effects of governmental expenditures upon GDP growth surmount those perceived for the exact same model estimated with business expenditures in R&D. In other words, public efforts in R&D have a stronger relationship to aggregate economic growth than firms' R&D investments. Nonetheless, it may be a mistake to consider RDBUS as taking place independently from RDGOV. A more robust rationale would be to attribute a significant amount of RDBUS to crowding-in effects. Moreover, marginal contributions from RDGOV are also significant (at 10%) for reducing unemployment levels, an aspect that is tackled more effectively by private expenditures in innovation (RDBUS). This outcome is in line with our expectations, as private firms' engagement with R&D activities may be likely to absorb more directly the idle share of the workforce, although a substantial amount of governmental commitment to R&D takes the form of wages (Kastrinos 2013) . This evidence allows confirming for EU Member States the validity of H 2 .
Results for control variables do not differ substantially from previous assessments. Inflation maintains its negative influences upon economic growth while being negatively related to unemployment levels. IFDI has significant and positive effects upon both dependent variables. Also, high levels of interest rates are associated with slower GDP growth and rising unemployment.
The last empirical exercise consists in the simultaneous estimation of parameters related to STI systems' stages of development and short-term effects of governmental R&D expenditures through a dynamic panel approach (Table 6 ). Once we apply lags of the dependent constructs as predictors, the significance of the vectors of interest endorse the propositions contained in H 1 and H 2 . The inclusion of these lags is a fundamental step in bringing robustness to our empirical estimations, as they rule out endogeneity effects of dependent constructs (GDP growth and Unemployment) from the analysis, that is, they control for (time-related) cumulative trends in these variables. This allows to further untangle the net effects of independent indicators of interest. In this regard, impacts occurring via governmental expenditures in R&D are stronger than combined impacts of STI systems' factors (in t-1), even though these three analytical constructs are significantly and positively related to economic growth. On the other hand, the structural conditions of innovation systems have a larger influence upon the level of employment in European Member States when compared to governmental R&D expenditures. As per control variables, little variation concerning their inclusion in previous estimations is identified. These results offer a robust set of outcomes to propose that governmental commitment to R&D investments and to the construction of a strong STI system is a two-sided phenomenon in terms of long-and short-term relevance. We will discuss the implications of this findings in the concluding section.
Concluding remarks
This article has dedicated attention to the relevance of governmental R&D expenditures as a mechanism to sustain economic growth and employment in the short term and to establish evolutionary paths that are also conducive to virtuous socioeconomic conditions over the long run. The underlying rationale is clear: today's R&D efforts will shape the future context of STI systems. But beyond such long-term structural shifts, these public investments can have the capacity of benefitting the current state of affairs in EU Member States. In a moment in which some European Member States face a sluggish recovery from financial and fiscal crises, this discussion is timely and necessary, particularly when austerity measures concerning STI-related become so popular among policymakers. Our concern does not reside in EU's innovation-related projects, but rather on Member States' behaviour in terms of budgetary management. Even though the European Commission can intervene with substantial funds allocated to R&D (Veugelers 2014) , it amounts to a marginal perception of the phenomenon for most countries. Moreover, EU countries have a high level of autonomy when it comes to fiscal matters.
In this regard, countries often fail to capture the complex effects of budgetary commitments to activities related to science, technology and innovation in both short and long terms. Particularly in periods of economic recession, the evolutionary prospects of innovation systems are jeopardised by budget cuts in "less urgent" areas (Kastrinos 2013; Veugelers 2014) . The main issue with this perception is that countries that are capable of sustaining strong STI systems achieve better economic outcomes, while those that cannot tend to fall behind (Fagerberg and Srholec. 2008; Kastrinos 2013) . This is currently the case in European Union's Member States and these ongoing strategies may not only affect growth and employment in laggard nations, but it may also generate the cornerstone for a perennial state of country-level socioeconomic divergence within the bloc. This perception is sustained by our empirical assessment. The evaluation of our hypotheses suggests that public R&D investments positively affects the current economic conditions and it also sets the stage for more resilient societies. Previous research (Dosi, Fagiolo, and Roventini 2010) has also concluded that impacts associated to fiscal commitment to STI are not restricted to the long term, and that systemic effects can be felt at all frequencies. The main implication of this situation is straightforward: countries' governmental commitment to their respective STI systems catalyses current and prospective economic growth, stability and employment.
Nonetheless, such quantitative perspective, while informative, tells only part of the underlying conditions that are intrinsically embedded in the reality of public R&D expenditures. For instance, through these investments governments play a role in shaping the STI funding landscape, establishing mission-oriented initiatives that can have impacts on future technological trajectories of socioeconomic systems (Mazzucato and Semieniuk 2017) . One of the possible avenues for these interventions comprehends the development of clean technologies, sustainable innovations and inclusive growth (Rolfstam 2012; Grandia, Steijn, and Kuipers. 2015; |Mazzucato 2016 |Mazzucato , 2013a . Accordingly, crisis periods can represent an opportunity to drive investments in "green" technology and employment (Kaiser and Prange-Gstöhl 2010; Aceleanu, Serban, and Burghelea 2015) .
Our conclusion on these matters is that fiscal policy can be biased towards financial markets interests and that this may cause a disconnection with evolutionary aspects of economic systems and society as a whole. As a result, business cycles are not assessed properly throughout upward and downward trends. A more consistent reliance on science, technology and innovation as true engines of development is needed. These propositions may extend to countries located outside the framework of the EU. Gathering empirical insights of the validity of our hypotheses in other nations represents a promising field of research with potential impacts for the joint management of fiscal, monetary and STI policy. We expect this exploratory assessment to function as a call for further investigations in this field of research.
Some limitations of this research deserve attention. First, our decomposition of STI Systems into two analytical factors represent only a partial perspective of the complex and extensive nature of socioeconomic systems. Nonetheless, our procedures were designed to offer a relatively comprehensive view of STI systems through the incorporation of six input, output and throughput variables. Moreover, the relationship between indicators related to STI systems and governmental R&D expenditures indicators and the dependent variables (GDP and Unemployment) can be regarded as complex and multifaceted. The very nature of STI policy goes well beyond the set of variables included in our analysis, and it can be associated to non-linear processes and multidimensional features involving broader social, cultural and institutional aspects. Hence, qualitative case-by-case analysis of EU Member States and the co-evolution of their respective STI systems and fiscal policies can also provide relevant outcomes for this field of investigation.
